Abstract. gastric cancer is a commonly diagnosed solid tumor which is associated with a dismal prognosis making early diagnosis essential. thus, this study aimed to identify novel biomarkers in gastric cancer. serum of patients with advanced gastric cancer was collected according to a predefined schedule: prior to first-line chemotherapy with epirubicin (50 mg/m 2 , day 1), cisplatin (60 mg/m 2 , day 1) and capecitabine (1,000 mg/m 2 , twice daily on days 1-14). the serum was collected serially before the treatment cycles and then analyzed by selDI-toF Ms. normal control subjects were matched according to age, gender and serum collection. serum proteomic mass spectrometry data of all subjects were processed using the tbimass r-package and compared. We analyzed i) whether proteomic profile changes were associated with a response to chemotherapy and survival, and ii) whether changes in proteomic profiles occurring during the time period of chemotherapy were associated with tumor response. In total, 82 patients with adenocarcinoma of the stomach (mean age 57 years, males 69.5%) were treated with a mean number of five chemotherapy cycles. The overall tumor response rate, complete and partial remission combined, was 37%, median time to progression was 7 months (95% cI, 6-8) and median overall survival 11 months (95% cI, 9.5-12). By comparing 77 serum samples of patients with normal matched controls, we identified 32 proteins which discriminated the two groups. By selecting the most differentiating proteins, we built a classification model that correctly categorized 81% of the gastric cancer patients and 90% of the normal controls.
Introduction
Despite a declining incidence of distal gastric cancer, the incidence of adenocarcinoma of the distal esophagus and stomach has increased and remains among the most common malignancies in the world and the second leading cause of cancer-related death (1) . there exists marked geographical variation in incidence with higher occurrence in Asia compared to europe and the Us (2) . In the western world most patients with esophageal or gastric cancer present at a late stage with locally advanced or metastatic disease beyond curative options. only in a minority of patients presenting at an early stage, does surgical resection have a real curative intent resulting in 5-year survival rates of approximately 70% for stage I, while in stage II the 5-year survival drops to only 35% (3) . Patients with advanced adenocarcinoma of the distal esophagus or stomach have a dismal prognosis making early detection of the utmost importance (4, 5) . Although screening with gastroscopy has been used in endemic areas, this approach has limitations regarding patient burden, accuracy, availability and cost (6, 7) . In developed countries, the prognosis of patients with solid malignancies has improved gradually. the use of tailored surgery, sophisticated radiotherapy and the use of adjuvant medical treatment in breast, colorectal and more recently gastric cancer have increased significantly. Both postoperative chemoradiotherapy and perioperative chemotherapy are associated with better disease-free and overall survival in gastric cancer (8, 9) . concomitantly, with an improved prognosis, the early costs of treatment have increased significantly. Moreover, the treatment of metastatic 3, 4 and JAn H.M. scHellens 1, 4 disease with novel agents is an increasingly costly undertaking. therefore, in light of the increased cost of health care, it is of major importance to find easily applicable and robust technology that improves the early detection of malignancy, and predicts treatment response and patient survival. serum biomarkers within the proteome are among the more promising future screening tools for cancer detection, as prognostic markers for disease relapse and survival and potentially as predictive markers of chemotherapy response. Surface-enhanced laser desorption/ionization-time of flight (selDI-toF) mass spectrometry (Ms) technology enables the analysis of the relative expression levels of proteins over a wide range of molecular weights in biological samples, focusing on low abundant proteins. Differences in serum protein expression levels may be used to identify disease-specific proteomic profiles or 'fingerprints'. Proteomic analysis potentially also avoids overlooking posttranslational modifications and may be a useful method in the analysis of changes occurring over time during or following chemotherapy (10) .
Previously, our group identified several candidate biomarkers for renal cell carcinoma by using the same proteomic analytical technique. Although some m/z values were difficult to reproduce, the increased expression of the previously identified serum amyloid-α (sAA) peak cluster was validated in different patient populations (11) .
we hypothesized that we would be able to identify i) novel and disease-specific peptides that differentiate patients with advanced adenocarcinoma of the distal esophagus or stomach (gc) from normal controls (nc), ii) peptide profiles that would be able to predict response or prolonged survival following palliative chemotherapy, and iii) peptides that change differentially over time during chemotherapy in chemotherapy responsive and non-responsive patients. serum of gc patients was prospectively collected, prior to and during first-line chemotherapy with epirubicin, cisplatin and capecitabine, and simultaneously from matched nc, and then analyzed by selDI-toF Ms. (Table I) . serum samples were prospectively collected from all chemotherapy naive patients with histologically confirmed advanced adenocarcinoma of the distal esophagus or stomach (gc). the study was approved by the local medical ethics committee, and the patients gave written informed consent. only patients with a performance score WHO ≤2, measurable disease according to recIst criteria (12) and adequate haematological, renal and hepatic functions [absolute neutrophil count ≥1.5x10 9 /l, platelets ≥100x10
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9 /l, bilirubin ≤1.5 times the upper limit of the normal range (ULN), AST and ALT ≤2.0 ULN, but in the presence of liver metastases ≤5.0 ULN; serum creatinine ≤2.0 times Uln] were eligible. Previous surgery was allowed. the control group consisted of normal subjects that were selected based on a short questionnaire and matched for age, gender and time period of blood donation.
Treatment and tumor evaluation. Patients received firstline chemotherapy with epirubicin (50 mg/m 2 ) and cisplatin (60 mg/m 2 ) intravenously on day 1, followed by oral capecitabine (1,000 mg/m 2 ) twice daily on days 1-14 (ecc), every 3 weeks (table II) . tumor response was assessed every other cycle by computer tomography scan.
Sample collection and definitions. whole blood samples were obtained at regular predefined times: intervals starting prior to the start of chemotherapy and immediately prior to each chemotherapy cycle in weeks 3, 6, 9, 12, 15 and 18 or later in case of treatment delay. whole blood samples of patients and normal controls were collected by applying a standardized drawing and handling procedure in standard tubes (BD Vacutainer™ sst II 8.5 ml; BD company, Franklin lakes, nJ, UsA). samples were allowed to clot for 15 min and then centrifuged at 3,000 rpm for 10 min at room temperature (13) . subsequently, the serum was transferred in equal aliquots to five polypropylene tubes (1.4 ml) and stored at -30˚C until analysis. the serum samples originated from the netherlands cancer Institute serum bank.
the primary analysis consisted of a comparison of the proteomic profiles of GC patients and NC subjects. For the subsequent analysis of proteomic profile differences between responding patients and non-responders, the patients were divided into two groups according to response: i) responder: patients developing complete response, partial response and stable disease for a duration of >6 months, respectively, and ii) non-responders: patients developing stable disease for a duration of <6 months or progressive disease, respectively.
In the search for a prognostic proteomic profile for predicting survival, we divided the patients according to ≤ or >6-month survival.
SELDI-TOF analysis. Protein profiling was performed using selDI-toF Ms (Biorad laboratories, Hercules, cA, UsA). Previously, we screened different chromatographic and binding conditions in patients with colorectal cancer (14) . the cM 10 chip is a weak cation exchange chip that contains anionic carboxylate groups that bind positively charged proteins in serum. A binding buffer of 20 mM sodium phosphate + 0.1% triton X-100 (sigma, st. louis, Mo, UsA) (pH 5.0) and a 100% solution of sinapinic acid (sPA; Biorad Laboratories) in 50% acetonitrile + 0.5% trifluoracetic acid as an energy absorbing matrix yielded the most discriminating m/z values (12) . samples were thawed only once and analyzed twice (in doublets). After thawing, the serum samples were denatured by adding 180 µl of a solution containing 9 M urea, 2% cHAPs, 1% Dtt (all from sigma) to 20 µl of serum. cM 10 chips were assembled in 96-well format bioprocessors (Biorad laboratories). During all steps of the protocol, the bioprocessor was placed on a platform shaker at 350 rpm. chips were equilibrated twice with 200 µl of binding buffer for 5 min. subsequently, 180 µl of binding buffer and 20 µl of denatured sample were applied to the chip surface. sample allocation was random for comparison of gc vs. nc sera. For the analysis of serial gc sera, all samples from the same patient were analyzed on the same chip whenever possible, and the remaining samples were allocated at random. For quality control, a separate sample from a healthy volunteer was used and spotted on the remaining locations (4-6 spots) across the bioprocessor. Incubation was set to 30 min. After binding, the chips were washed twice for 5 min with binding buffer, followed by two 5-min washings with binding buffer without triton X-100. Finally, the chips were rinsed with deionised water, air dried and finished with two 1-µl SPA applications to the sample spots. the reproducibility of the applied methodology was previously validated by our group (11) .
Protein chips were analyzed using the PBs-IIc Protein chip reader (Biorad laboratories). Data were collected between 0 and 200,000 Da. Data collection was optimized for detection of discriminating peaks, resulting in an average of 65 laser shots per spectrum at laser intensity 150, detector sensitivity 8 and laser focusing at 3,000 Da. M/z values for the detected proteins were calibrated externally with a standard peptide mixture (Biorad laboratories) containing vasopressin (1,084.3 Da), somatostatin (1,637.9 Da), dynorphine (2,147.5 Da), ActH (2,933.5 Da), insulin β-chain (bovine; 3,495.5 Da), insulin (human recombinant; 5,807.7 Da) and hirudin (7,033.6 Da) (11) .
Bioinformatics. serum proteomic Ms data of gc patients and matched nc were processed using the tbimass r-package (www.r-project.org). For pre-processing, the spectra were re-sampled to a common m/z vector, and the baseline was corrected using the Process r-Package. Furthermore, the intensity of the spectra was normalised to the total ion current to reduce noisy variance between replicate measurements (15) . to correct for small deviations in the m/z values due to calibration, the alignment algorithm by Jeffries was implemented in tbimass and applied (16). For classification, the support vector machine implementation within the Mcrestimate r-package was applied. For variable selection, a variable filtering procedure based on the relative intensity variance was used for classification. To assess the classification accuracy, a 10-fold repetition of 10-fold cross validation with a nested 3-fold parameter optimisation loop was conducted. the number of variables used for classification was reduced in each classification by recursive feature elimination (17) .
Results
Clinical outcome. A total of 82 patients with adenocarcinoma of the distal esophagus and stomach were treated with first-line chemotherapy (Tables I and II) . The mean age was 57 years (range 34-74) and there were 57 males (69.5%) and 25 females (30.5%). Patients were previously untreated except one patient who had received chemoradiotherapy, including capecitabine, and 8 patients who had received radiotherapy for proximal gastric carcinoma, respectively. the patients had locally advanced or metastatic gastric cancer and were therefore all included in the survival analysis and the proteomic profiling. Fourteen patients were not assessable for response according to recIst criteria (12) . seven patients had only localized disease and were operable after chemotherapy, and 7 other patients were excluded after radiological review of ct scans due to non-measurable disease. the mean follow-up was 12 months, and the mean number of chemotherapy cycles was five. Complete and partial response was noted in 5 and 20 patients, respectively (response rate, 37%; intention to treat, 30%). Additionally, 38 patients had stable disease for >3 months; 18 of these for >6 months. Five patients had chemotherapy-resistant disease and showed progression at the time of first evaluation. The median time to progression was 6.2 months (95% cI, 5.6-6.7), median progression-free survival was 6 months (95% cI, 5.4-6.5) and median overall survival was 10.8 months (95% cI, 9.5-12.1), respectively. In case of progression, the most common sites were local lymph nodes, peritoneal cavity, liver and bones.
Proteomic profiling of gastric cancer patients and normal
controls. serum obtained immediately prior to the start of ecc chemotherapy in all 82 patients with advanced or metastatic gc was analyzed by selDI-toF Ms and compared with serum of 80 nc. Patients were matched for age, gender and time-period of serum collection. In the pre-processing normalization procedure, 4 serum samples from the gc population were categorized as outliers and excluded from further analysis (13) . By global proteomic profiling, some differences in the proteomic profile of GC patients, according to the day of selDI-toF analysis, was noticed (Fig. 1) . By comparing GC patients and NC we identified 32 m/z values that differentiated between the two groups (table III). Fourteen of these were identified during the first measurement run 1, and 19 during the second measurement performed one day later.
One m/z value was identified by the two measurements. To minimize the influence of day-to-day variations, we based the further classification on the proteomic profiling of all serum samples, independent of the day of measurement. the quality of the classification model was not influenced by the difference in identity and intensity of the most discriminating proteins for GC and NC. The classification model built on the pooled dataset correctly classified 72 out of the 80 NC (specificity, 90%) and 63 out of the 78 GC patients (sensitivity, 81%) (Fig. 2) .
Proteomic profiling and response prediction. Proteomic profiles of serum obtained from GC patients immediately prior to the start of ecc chemotherapy were analyzed according to response to chemotherapy. response evaluation was determined prior to the start and after every second cycle, according to the protocol, in 68 patients eligible for response evaluation. Patients were divided into two groups: responders (43) and non-responders (25), respectively. By applying the Mannwhitney U test, a positive correlation was observed between six proteomic peaks (3.0, 3.1, 3.8, 4.7, 7.6 and 33.3 kDa) and treatment response, but none significantly predicted chemotherapy effect.
Proteomic profiling and survival prediction. Proteomic profiles of serum obtained from GC patients immediately prior to the start of ecc chemotherapy were related to overall survival. Median overall survival of the patients was 11 months (95% cI, 9.5-12). Using data dichotomisation and multivariate Cox regression analysis, a significant positive relationship was observed between low intensity (cut-off value <0.4) of the protein m/z 11.6 kDa and longer survival of 12 vs. 9.6 months, respectively (p=0.003). this m/z value has been shown to be sAA with a molecular weight of 11.6 kDa. In concordance, a higher expression of sAA has previously been correlated with advanced malignancies (18) and various forms of acute phase reactions (19) . these results correlate well with the proteomic profiling of the NC subjects who had the lowest median intensity of sAA (Fig. 3) .
Serial proteomic profiling.
Fifty patients with measurable disease according to recIst had adequate serial sample collections at baseline prior to chemotherapy and sequentially thereafter at approximately 6, 12 and 18 weeks after the start of the treatment. these serially collected serum samples were analyzed according to the best tumor response, which frequently developed after four treatment cycles. No significant proteomic changes or potential biomarkers associated with therapy monitoring were detected.
Discussion
In this single institutional phase II study, we described the detection of significantly different proteomic patterns in GC patients vs. nc subjects serving as potential biomarkers of gastric cancer. Protein analysis of serum from cancer patients by advanced technologies, including selDI-toF Ms, is a promising tool with which to identify novel proteins, protein fragments or proteomic profiles that are specific for particular malignancies for use as biomarkers for disease detection, as prognostic parameters or for the prediction of treatment response. the age distribution and metastatic pattern revealed that the patients selected most likely represent a real life population of gc patients. the median time to progression was 7 months and overall survival was 11 months, which is comparable to other studies of anthracycline, cisplatin and 5-fluorouracil chemotherapeutic combination regimens in patients with advanced gastric cancer (20) . the study was conducted according to a strict protocol regarding serum collection, handling and storage at -30˚C to minimize pre-analytic influence of serum sampling on the SELDI-TOF protein profiles (21) . the selected patients had advanced gastric adenocarcinoma and underwent standard first-line chemotherapy. this strategy enabled us to focus on a homogeneous patient population acknowledging the usual variability between different patient populations that may affect outcome of the analysis. samples were analyzed twice on two separate days after sample preparation. By comparing gc and nc subjects, we identified 32 different m/z values, representing peptides and proteins, which possibly correlate to the active malignant process, metastatic disease or survival. By pooling all of the most important m/z values differentiating gc patients and nc subjects, the potential bias caused by differences in the outcome of proteomic analysis on different analysis days was limited. this made the analysis time-independent to the greatest extent possible. selection of the included m/z values was based on their relative importance of the peak value in the classification between GC patients and matched NC (Table  IV ). The classification model based on the whole dataset correctly classified GC patients and NC with 90% specificity and 81% sensitivity. This classification served as a potential GC-specific proteomic profile differentiating GC patients from normal subjects. A correlation analysis of proteomic profile vs. clinical outcome, response and survival, showed no predictive or prognostic biomarkers with any certainty, although we identified protein 11.6 kDa as a potential prognostic biomarker. This m/z value was previously identified as sAA with a molecular weight of 11.6 kDa. In concordance, a higher expression of sAA was previously related to advanced malignancies (18) and various types of acute phase reactions (19) and the finding was therefore anticipated. We were not able to identify reliable or predictive biomarkers of treatment response even though the sample size was relatively large. Possibly this was related to the intrinsic differences between the malignancies, differences in disease extent and differences in patient characteristics, such as gender and age. The influence of patient demographics on the proteomic profile is not well known, but Villanueva et al found that gender and age had negligible influence on the discrimination between patients with thyroid cancer and healthy subjects (22) . In concordance with the inability to identify predictive biomarkers, in the serial analysis of 50 patients with gastric cancer, with consistent sample collection and response evaluation throughout the entire treatment, no significant changes in the predictive proteomic profile during chemotherapy were identified. In proteomic profiling studies in gastric cancer of comparable sample size and design performed by others, changes could not be identified. Several studies analyzing disease-specific proteomic patterns, in search of novel diagnostic or predictive biomarkers in advanced and early breast cancer patients have been published (23, 24) . Irrespective of the different clinical setting and technical approach, most of these analyses found an association between several known proteins or their fragments, such as diverse apolipoproteins, complement factors, fibrinogen and haptoglobin. Many of these have been shown not to be disease-specific, and none have been validated in a prospective clinical study (25) . the most differentiating proteins, based on their relative importance of the peak value in the classification between gastric cancer patients and matched normal control subjects (table IV) , varied on different days of analysis. to further reduce any variability, analysis of all samples needs to be carried out on one single day. Many peptides detected by MS have not been structurally identified. Although a further characterization of the peptides included in the profile may help to understand the biological processes they represent, identification is not a prerequisite for the use of the profile for predictive or prognostic biomarkers. our results need further validation in a prospective study in order to explore the reproducibility of the identified classifiers that may serve as biomarkers of gastric cancer.
one limitation of our study was the manual handling of the samples and the preparation of the samples for selDI analysis after thawing. this is possibly the most important cause of the identified differences in the proteomic profiles on days 1 and 2 of the analysis. Automatic sample handling using robot systems will allow a much faster analysis and near simultaneous massspectrum analysis of complete sample sets eliminating the confounding effect of manual sample handling.
In conclusion, the identified proteomic profile enabled the differentiation between gc patients with advanced disease and NC subjects. We identified 32 protein peaks differentiating gastric cancer and normal controls that made it possible to build a classification model separating these two groups with a relatively high specificity and sensitivity. By incorporating strict sample handling, storage and analyses, we improved the robustness of selDI-toF Ms analysis, but by introducing automatic robot sample handling methods, further optimization of proteomic profiling of solid malignancies may be possible. Future studies aimed at identifying surrogate proteomic profiles as prognostic biomarkers of gastric cancer and patient survival and predictive biomarkers of treatment efficacy are warranted.
